Abstract -We investigate TE-wave propagation in a hollow waveguide with a graded dielectric barrier, using an equivalent model of the waveguide filled with a stratified medium. General formulae for the electric field components of the TE-waves, applicable to hollow waveguides with arbitrary cross sectional shapes, are presented. As an illustration, we obtain the exact analytical results for the electric field components in a rectangular waveguide, as well as the exact analytical results for reflection and transmission coefficients which are valid for waveguides of arbitrary cross sectional shapes.
I. INTRODUCTION
Recent studies of radio frequency absorption and optimal plasmonic resonances in gold nanoparticle (GNP) suspensions [1] - [2] have given rise to an interest in plasmonic resonances in layered waveguide structures. In particular, the scattering of TE-waves on a single thin layer, modeled as a thin dielectric barrier in a straight waveguide, with perfectly electrically conducting (PEC) boundaries and a homogeneous cross section with material parameters and µ, is reported in [3] . Following a number of previous studies by one of the present authors [4] - [7] , in this paper the surrounding homogeneous straight waveguide medium with a single thin layer is described as a stratified medium with frequency-dependent permittivity = (ω, z) being a function of the waveguide axis direction (chosen to be the z-direction). Thus, we describe a hollow waveguide filled with a homogeneous medium surrounding a thin homogeneous dielectric barrier, by means of an equivalent model of the waveguide filled with a suitably chosen stratified medium. We study the propagation of TE-waves, as they provide straightforward exact analytical solutions for the electric field, but the mathematical approach to the propagation of TM-waves is analogous to the approach presented. Both TE-and TM-waves are of interest for the investigations reported in [3] . One important feature of the present approach to the TE-wave scattering on a thin dielectric barrier in a hollow waveguide, is that it is possible to obtain the total scattering matrix parameters in the entire waveguide structure without any need to use boundary conditions, mode matching and cascading techniques. The waveguide is treated as filled with a single composite material with stratified frequency-dependent permittivity. Thus, a single solution of Maxwell's equations in such a material replaces partial solutions in different materials, while at the same time asymptotically approaching such partial solutions in different materials. Furthermore, the boundary conditions between materials are built in into the stratified permittivity function, and are hence not needed.
II. PROBLEM FORMULATION
The geometry of the problem is illustrated in Fig. 1 . We assume time-harmonic waves with time convention exp(jωt), where ω is the angular frequency and t the time, in a non-magnetic (µ = µ 0 µ R with µ R = 1) inhomogeneous isotropic waveguide material. In the surrounding non-magnetic lossy homogeneous straight waveguide medium with complex relative permittivity G (ω), a single lossy non-magnetic thin layer with complex relative permittivity L (ω) is inserted about the plane z = 0, as shown in Fig. 1 .
The waveguide medium can be described as a stratified medium with permittivity = (ω, z) given as a function of the waveguide axis direction (z-direction),
where R (z) is the stratified total relative permittivity, and 2z 0 determines the size of the inserted barrier about the plane z = 0, as indicated in Fig. 1 . Far away from the barrier (z → ±∞), we have tanh The wave equation for the electric field E for TE-waves with E z = 0, is then equivalent to two scalar equations, both of which are of the form
where
By means of separation of variables E j = F j (x, y)Z(z), any of the two differential equations (2) can be split into an equation for F j (x, y) and an equation for Z(z)
As an illustration, in the special case of a rectangular waveguide, we obtain the overall solutions
where 2 F 1 is the hypergeometric function defined by Gauss hypergeometric series [8] , A is a constant proportional to the incident electric field amplitude E 0 , and we introduce two dimensionless constants p and r,
and k z = k 2 G − k 2 T is the z-component of the wave vector of the asymptotic waves for z → ±∞. Furthermore, we readily obtain the general expressions for the transmission coefficient (T ) and the reflection coefficient (R), valid for any hollow waveguide with a graded dielectric barrier, in the form
where we introduce the notation
III. CONCLUSION
We investigate TE-wave propagation in a hollow waveguide with a graded dielectric barrier, modeled by using a hyperbolic tangent function. General formulae for the electric field components, applicable to hollow waveguides with arbitrary cross sectional shapes, are obtained. Furthermore, exact analytical results for the reflection and transmission coefficients, for waveguides of arbitrary cross sectional shapes, are provided. The proposed model is applicable for any complex permittivities of the two media, including negative values for chiral metamaterials.
